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Particle analyzer 





(67) A particle analyzer includes a flow cell (5) in- 
cluding a first and second cells (7a,7b) for containing 
electrolyte with particle floating therein, the first and sec- 
ond cells (7a,7b) being connected to each other by a 
pore (1 1 ) to allow the particles to flow from the first cell 
(7a) to the second cell (7b) through the pore (11) ; a first 
and second eletrodes (12,13) provided in the electrolyte 
in the first and second cells respectively ; a first detector 
for detecting an electric resistance between the first and 
second electrodes which changes according as the par- 
ticle passes through the pore to generate an electric re- 
sistance signal representative of the electric resistance ; 
a light source for emitting a beam of light to the flowing 
particle ; a second detector for detecting scattered light 
from the particle receiving the beam of light to generate 
a scattered light signal representative of an intensity of 
the scattered light ; a clock device for clocking a period 
of time during which the scattered light signal is 
generated ; and an analyzer for classifying the particle 
based on a correlation between the electric resistance 
signal and the clocked period of time. 



o 




Printed by Jouve, 75001 PARIS (FR) 



EP0 711 991 A1 



Description 

BACKGROUND OF THE INVENTION 

1 . Field of the invention 

Tiie present invention relates to particle analyzers, 
more particularly to particle analyzers for detecting par- 
ticle components contained in urine such as casts, mu* 
cous strings and the like. 

2. Description of Related Art 

Conventional particle analyzers of the kind include 
an optical particle analyzer which measure forward or 
side fluorescence and fonA/ard or side scattered light ob- 
tained by emitting light to dyed particles; a particle 
counting device which counts various sizes of particles 
by inserting a needle-shaped member into the orifice of 
the electric resistance type particle counting device 
(see, for example, Japanese Unexamined Patent Pub- 
lication No.HEl 4(1992)-337459 and European Patent 
Application No.242971 -A2); and a diagnosing device for 
diagnosing an anemia by measuring the pulse height 
and the pulse width of electric resistance signals of 
erythrocytes (see, for example, Japanese Unexamined 
Patent Publication No.HEl 1(1 989) -250037 and U.S. 
Patent No5059395). 

Also devices combining the optical and electric re- 
sistance methods are known. 

It is believed that the reason why the devices com- 
bining the optical and electric resistance methods have 
been conceived is that the conventional optical particle 
analyzers are incapable of determining the volume of a 
particle accurately. Then partrcle analyzers have been 
invented which are capable of obtaining both optical 
data such as scattered light data and electric resistance 
data correlative to the volume of a particle, by providing 
an orifice for detecting changes in electric resistance 
(see, for example, U.S. Patent No.4,298,836). Unfortu- 
nately, such a detector, though it is capable of measur- 
ing the volume of a spherical particle accurately, needs 
an additional treatment such as adjustment of the shape 
for obtaining the accurate volume of a spheroidal parti- 
cle, and is incapable of measuring the accurate volume 
of a particle which is larger than the size of the electric 
resistance detecting region, namely the aperture part 
through which the particle passes. 

Also when large solid components in urine such as 
epithelium cells, casts, mucous strings which are longer 
than 100)am in length are classified by the conventional 
electric resistance detecting analyzer, the size of the 
particle detecting region has to be larger than any object 
to be measured in order to obtain the accurate volume 
of the solid component. Consequently, the pulse height 
of the detected signal correlates with the pulse width 
thereof and the pulse width of the electric resistance sig- 
nal is not significant any more. In addition, it is impossi- 
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ble for such an analyzer to discriminate the solid com- 
ponents such as epithelium cells and casts which are 
nearly the same in volume and length. 

5 SUMMARY OF THE INVENTION 

The present inventksn has been conceived in view 
of the above mentioned problems, and an object of the ' 
present invention is to provide a particle analyzer to 
electrically detect data about the volume of particles and 
at the same time optically detect data about the length 
of the particles, then to classify the particles based on 
the correlation of the obtained data. 

The present invention provides a particle analyzer 
comprising; a flow cell including a first and second cells 
for containing electrolyte, the first and second cells be- 
ing connected to each other by a pore to allow particles 
to flow from the first cell to the second cell through the 
pore; a first and a second electrodes provided in the 
electrolyte in the first and second cells respectively; first 
detecting means for detecting an electric resistance be- 
tween the first and second electrodes which changes 
according as the particle passes through the pore to 
generate an electric resistance sigani representative of 
the electric resistance; a light source for emitting a beam 
of light to the flowing particle; second detecting means 
for detecting scattered light from the particle receiving 
the beam of light to generate a scattered light signal rep- 
resentative of an intensity of the scattered light; clock 
means for clocking a period of time during which the 
scattered light signal is generated ; and analysis means 
for classifying the particle based on a correlation be- 
tween the electric resistance signal and the clocked pri- 
od of time. 

BRIEF DESCRIPTION OF THE DRAWINGS 

Fig. 1 illustrates side views of an epithelium cell, a 
mucous string, and a cast contained in urine. 

Fig. 2 is a graph showing a correlation between the 
pulse width of the scattered light signals and the maxi- 
mum value of the electric resistance signals in accord- 
ance with the present invention. 

Figs. 3 (a) to 3 (c) are views explaining waveforms 
of scattered light signals and the pulse widths thereof in 
accordance with the present invention. 

Fig. 4 is a graph showing characteristics of the pulse 
widths of the scattered light signals in accordance with 
the present invention. 

Fig. 5 is a graph showing a correlatbn between the 
pulse width of the scattered light signals and the maxi- 
mum value of the electric resistance signals in accord- 
ance with the present invention. 

Figs. 6 (a) to 6 (c) are views explaining pulse wave- 
fomns of the fluorescence signals in accordance with the 
present invention. 

Fig. 7 is a graph showing a correlation between the 
pulse wkjth of the fluorescence signals and that of the 
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scattered light signals in accordance witli tlie present 
Invention. 

Figs. 8 (a) and 8 (b) are views explaining waveforms 
of the scattered light signals. 

Fig. 9 explains a frequency distribution of the max- s 
imum value of the scattered light signals. 

Figs. 10 (a) and 10 (b) are views explaining the 
waveforms of the fluorescence signals. 

Fig. 1 1 explains a frequency distribution of the max- 
imum value of the fluorescence signals. 

Fig. 1 2 is a constitutional view of an embodiment in 
accordance with the present invention. 

Fig. 13 is a partially sectional view of Fig. 13. 

Fig. 14 is a block diagram explaining the signal 
processing circuit of an embodiment In accordance with 
the present invention. 

DESCRIPTION OF THE PREFERRED 
EMBODIMENTS 

The particle analyzer of the present invention 
serves to determine particle components contained in 
urine, mainly in human urine, such as casts, mucous 
. strings, epithelium cells and the like. The particles to be 
analyzed may be pretreated with a fluorescent dye or a 
fluorescent labeling reagent. 

The cast has a base of mucoprotein which coagu- 
lates and precipitates In a renal tubule in the presence 
of plasma protein with sanguineous cells, renal tubule 
epithelium cells and the like included in the base. The 
cast is called a cylinder from its shape or is given the 
name because it is formed by a renal tubule as a cast. 
The existence of a cast means that a temporary obstruc- 
tion has existed in a renal tubule, being an Important 
finding suggesting a disease in renal parenchyma. Par- 
ticularly a cast including sanguineous cells, epithelium 
casts or the like is clinically significant. 

The mucous string is a long, thin string which re- 
sembles a glassy cast with the both ends extending as 
a long line. A few found in normal human urine, a lot of 
mucous strings are found in urine of a chronic ureteritis 
patient or a chronic urocystitis patient. 

The flow cell of the present invention is provided 
with two cells for containing electrolyte which are con- 
nected to each other by a pore. Aptly, in the flow cell, a 
sample liquid including particle components flows 
wrapped in sheath liquid, forming a current by hydrody- 
namics effects in such a way that the particles pass one 
after another through the pore. 

The flow cell of the present invention Is to allow 
sample liquid to flow through the pore at the speed of 
about from 0.5 to lOm/sec. 

Preferably the sample and the sheath liquid have 
the same electric conductivity. 

The first and the second electrodes are formed of 
an electrically-conductive material, preferably formed of 
platinum or stainless steel in view of their resistance to 
corrosion. 
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The first detecting means sen/es to detect the 
change of the electric resistance between the first and 
the second electrodes when a particle passes through 
the pore. The first detecting means is preferably provid- 
ed with a current source for providing the first and the 
second electrodes with electric current and provided 
with a detecting device for detecting the electric current 
flowing between the first and the second electrodes. 

The electric resistance signal obtained by the. first 
detecting device shows a mountain-shaped pulse wave- 
form when a particle pass through the pore. As is known, 
the pulse height is almost in proportion to the volume of 
the particle. 

The light source sen/es to emit a beam of light from 
the outside of the flow cell to a particle just before it pass- 
es through the pore, while rt is passing through the pore, 
or just after it has passed through the pore. It is prefer- 
able to use for the light source a laser light source which 
emits light continuously, but not pulsingly, with a con- 
denser lens added. The emitted beam width in the flow 
direction is preferably from 5 to 30^m. 

The second detecting means serves to detect the 
scattered light from a particle receiving the light beam 
and generate a scattered light signal representative of 
the scattered light. A photodiode, a phototransistor and 
a photomultiplier tube can be used for the means. 

The clock means serves to clock a period of time 
during which the scattered light signal is generated, 
namely a pulse width. That is, the clock means clocks 
a period of time from the beginning to the end of detec- 
tion of the scattered light performed by the second de- 
tecting means. A counter, or a timer, and a comparator 
which has a suitable threshold, e.g. level 1 in Fig. 3, can 
be used for the means. 

The period of time during which the scattered light 
signal is generated, i.e. the pulse width, reflects the 
length of the particle In the flow direction. 

Because an epithelium cell, a mucous string and a 
cast have shapes as shown in Fig. 1 , the flowing ine- 
quality is true to the ratios of the volume to the length, 
i.e. the volume / the length, of each of these particle 
components: 

the epithelium cell > the cast > the mucous string. 

Fig. 2 shows a correlation of the maximum value of 
the electric resistance signal obtained by the first detect- 
ing means to the scattered light signal generated period 
of time obtained by the clock means for each of the par- 
ticles which pass through the pore one after another. 
The analysis means classifies the particles based on the 
correlation. The correlation here actually means a scat- 
tergram. 

The analysis means is preferably formed of a mi- 
crocomputer including CPU, ROM and RAM. 

Further the particle analyzer of the present inven- 
tion may comprise comparison means for comparing the 
scattered light signal obtained by the second detective 



BP 0 711 991 A1 



IS 



20 



2S 



30 



3S 



40 



4S 



SO 



3 



5 



EP 0 711 991 A1 



6 



means with a first reference value as well as a second 
reference value larger than the first reference value; 
second clock means for clocking a first period of time 
during which the scattered light signal is larger than the 
first reference value and a second period of time during 
which the scattered light signal is larger than the second 
reference value; and second analysis means for classi- 
fying the particle based on a correlation between the first 
and second periods of time. 

Considering a change with time of the scattered 
light signal obtained by the second detecting means, 
namely a waveform, the waveform of an epithelium cell 
particle is high from the beginning to the end as shown 
in Fig. 3(a). that of a mucous string particle is much lower 
than that of an epithelium cell particle as shown in Fig. 
3(b) because the mucous string particle is almost trans- 
parent, and that of a cast is high where included matters 
exist as shown in Fig. 3(c). 

When each of the waveforms shown in Figs. 3(a) to 
3(c) is compared with the first reference value, i.e. level . 
\, as well as the second reference value, i.e. level II (level 
II >level I), the following inequality is obtained on the 
ratios of the second period of time during which the 
waveform of the scattered light signal is higher than the 
level II (a pulse width II) to the first period of time during 
which the waveform of the scattered light signal is higher 
than the level I (a pulse width !): 

the epithelium cell > the cast > the mucous string. 

Fig. 4 shows a correlation of the second period of 
time during whtoh the waveform of the scattered light 
signal is higher than the level II (the pulse width II) to 
the first period of time during which the waveform of the 
scattered light signal is higher than the level I (the pulse 
width I) of each of the particles which pass through the 
pore one after another. The correlation enables the sec- 
ond analysis means to easily discriminate the epithelium 
cells. Therefore the analysis means has only to discrim- 
inate the casts and the mucous strings based on the 
data as shown in Fig. 5 which is obtained by removing 
the epithelium cells from Fig. 2. The correlation here ac- 
tually means a scattergram. 

Thus, the second analysis means realizes more 
precise classification of particles in corporation with the 
first analysis means. 

A comparator can be used for the comparison 
means, a counter (a timer) for the clock means, and the 
second analysis means can be formed of a microcom- 
puter like the first analysis means. 

Still further the particle analyzer of the present in- 
vention may comprise third detecting means for detect- 
ing fluorescence from the particle receiving the beam of 
light to generate a cluorescene signal representative of 
an intensity of the fluorescence; second comparison 
means for comparing the fluorescence signal with a third 
reference value; third clock means for clocking a third 
period of time during which the fluorescence signal Is 



larger than the third reference value; and third analysis 
means for classifying the particle based on a correlation 
between the clocked third period of time and the scat- 
tered light signal generated period. 
5 The third detecting means serves to detect the flu- 
orescence frorp the particle receiving the beam of light. 
Since the wavelength of fluorescence Is longer than that 
of scattered light and the intensity of fluorescence is 
faint, the third detecting means is preferably combined 
with a photomultiplier tube and a filter which, removing 
scattered light, allows only fluorescence to pass 
through. 

Considering a change with time of the fluorescence 
signal obtained by the third detecting means, namely a 
waveform, the waveform of an epithelium cell particle is 
high and long as shown in Fig. 6(a) because it is easily 
dyed with fluorescence dye due to a lot of DMAs con- 
tained therein, that of a mucous string particle, as shown 
in Fig. 6(b), hardly has a wave-shaped form because it 
does not contain any DMAs, and that of a cast is high 
as shown in Fig. 6(c) where included matters exist. 

When each of the waveforms shown in Figs. 6(a) to 
6(c) is compared with the third reference value (level III), 
the flowing inequality is obtained on the third period of 
time during which the waveform of the fluorescence sig- 
nal is higher than the level III (a fluorescence pulse 
width): 

the epithelium cell > the cast > the mucous string. 

Fig. 7 shows a correlation of theperiod of time dur- 
ing which the waveform of the fluoresce light signal is 
higher than the level III (the fluorescence pulse width) 
to the pulse width shown in Fig. 2 of each of the particles 
which pass through the pore one after another. By firstly 
discriminating epithelium cells based on the Fig. 7 and 
then removing the data thereabout from the properties 
shown in Fig. 2, the casts and the mucous strings are 
easily discriminated. 

A comparator can be used for the second compar- 
ison means, a counter or a timer for the third clock 
means, and the third analysis means can be formed of 
a microcomputer including CPU, ROM and RAM. 

Yet further the particle analyzer of the present in- 
vention may comprise peak detecting means for detect- 
ing a maximum value of the scattered light signal ob- 
tained by the second detecting means; and fourth anal- 
ysis means for classifying the particle based on the ob- 
tained maximum value. 

Considering a waveform of the scattered light of a 
cast, a cast which contains few included matters is 
called a glassy cast and neariy transparent, and the 
peak value of the scattered light thereof is low On the 
other hand, a cast containing inclusion bodies which are 
called granular casts, red cell casts, epithelial casts and 
the like shows a high peak value. 

Comparing the maximum value Vp of the scattered 
light signal of a glassy cast as shown in Fig. 8(a) with 
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the maximum value Vp of the scattered light of a cast 
containing inclusion bodies as shown in Fig. 8(b), the 
following result is obtained, which enables the casts to 

be classified: 

the cast with inclusion bodies > the glassy cast 

Fig. 9 explains an obtained frequency distribution 
of the maximum values of the waveforms of the scat- 
tered light signals, (A) being the distribution area for the 
glassy casts and (b) being that for the casts containing 
inclusion bodies. The glassy casts and the casts with 
inclusion bodies are easily discriminated. 

Thus, the fourth analysis means classifies the par- 
ticles still more precisely in corporation with the second 
analysis means. 

A peak hold circuit and an A/D converting circuit can 
be used for the peak detecting means and a microcom- 
puter for the fourth analysis means. 

Yet further, the particle analyzer of the present in- 
vention may comprise peak detecting means for detect- 
ing a maximum value of the fluorescence signal ob- 
tained by the third detecting means; and fifth analysis 
means for classifying the particle based on the obtained 
maximum value. 

Considering a fluorescence waveform of a cast, the 
glassy cast which contains few included matters is hard 
to dye and the maximum peak value thereof is low. On 
the other hand, the cast containing inclusion bodies 
which are called granular casts, epithelial casts, leuko- 
cyte casts and the like has a high peak value because 
the inclusion bodies are easily dyed with fluorescence 
dye. 

Comparing the maximum value Vp of the fluores- 
cence signal of a glassy cast as shown in Fig. 1 0(a) with 
the maximum value Vp of the fluorescence of a cast con- 
taining inclusion bodies as shown in Fin. 10(b), the fol- 
lowing result is obtained, which enables the casts to be 
classified: 

the cast with inclusion bodies > the glassy cast 

Fig. 11 explains an obtained frequency distribution 
of the maximum values of the waveforms of the fluores- 
cence signals, (A) being the distribution area for the 
glassy casts and (b) being that for the casts containing 
inclusion bodies. The glassy casts and the casts with 
inclusion bodies are easily discriminated. 

Thus, the fifth analysis means classifies the parti- 
cles still more precisely in corporation with the third anal- 
ysis means. 

A peak hold circuit and an A/D converting circuit can 
be used for the peak detecting means and a microcom- 
puter for the fifth analysis means. 

These and other objects of the present application 
will become more readily apparent from the detailed de- 
scription given hereinafter. However, it should be under- 
stood that the detailed description and specific exam- 



ples, while indicating a preferred embodiment of the in- 
ventbn, are given by way of illustration only, since var- 
ious changes and modifications within the spirit and 
scope of the invention will become apparent to those 

5 skilled in the art from this detailed description. 

Fig. 12 is a view explaining the constitution of one 
embodiment according to the present invention, refer- 
ence numerals 1 and 2 denoting valves, 3 a suction noz- 
zle for sucking sample liquid processed with pretreat- 

10 ment such as dilution and fluorescence dying from a 
sample liquid container (not shown in the figure), 4 a 
syringe, 5 a flow cell, 6 a sample nozzle, 7a a first cell, 
7b a second cell, 8 a valve, 9 a sheath liquid container, 

10 a feed opening for feeding sheath liquid into the first 
IS cell 7a, 11 a pore connecting the first cell 7a with the 

second cell 7b which includes an orifice-like part (re- 
ferred to just as an orifice hereafter), of which the sec- 
tional view is shown in Figs. 13, 12 an electrode made 
of stainless steel which is provided in the first cell 7a, 1 3 

20 an electrode made of platinum which is provided in the 
second cell 7b, 1 4 a discharge opening provided for the 
second cell 7b, 15 a direct constant current power 
source connected between the electrodes 12 and 13, 
the electrode 12 being negative and the electrode 13 

25 being positive, 16 an amplifier for amplifying a voltage 
output from the power source 15 and outputting it as a 
signal 29. 

Also a reference numeral 17 denotes a laser light 
source, 18 a condenser lens, 19 a beam stopper, 20 a 
30 collector lens, 21 a pinhole, 22 a dichroic mirror, 23 a 
filter, 24 a photomultiplier tube, 25 a photodiode, 26 a 
flow of sample liquid from the sample nozzle 6, 30 a 
shield with the pinhole 21. 

In a device having the above described constitution, 
3S when the valves 1 and 2 are opened for a predetermined 
time, the sample liquid flows from the suction nozzle and 
fills between the valves 1 and 2 by negative pressure. 

Then, the syringe 4 pushes the sample liquid be- 
tween the valves 1 and 2 at a fixed flow rate toward the 
^ sample nozzle 6, from which the sample liquid is extrud- 
ed to the first cell 7a. 

At the same time, by opening the valve 8, sheath 
liquid is fed into the first cell 7a. Thus the sample liquid 
is enveloped by the sheath liquid, then forming a fine 
45 sheath flow by the orifice 11 . The sectional view of the 
orifice 11, as shown in Fig. 13, has a square hole of 
which a side d is from 100 to 300|im and is made of 
optical glass including quartz glass. 

The length of the hole is practically preferred to be 
50 from 200 to 1 ,000^m, which is longer than a particle to 
be determined and allows an optical axis adjustment. 

The sheath flow thus formed enables the particles 
contained in the sample liquid to flow through the orifice 

1 1 one after another in a row. The sample and the sheath 
55 liquid which have passed through the orifice 11 are dis- 
charged by the discharge opening 14 provided for the 
second cell 7b. 

The electric resistance between the electrodes 12 
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and 13 is determined by the electric conductivity of the 
sheath liquid, the area of the sectional square of the hole 
of the orifice 11. the electric conductivity of the sample 
liquid and the diameter of the flow of the sample liquid. 

By sending an electric current between the elec- s 
trodes 1 2 and 1 3 from the direct constant power source 
15, a d. c. voltage is generated which is determined by 
the electric resistance and the current strength between 
the electrodes 12 and 13. Since the electric resistance 
between both the ends of the orifice 11 changes when 
a particle passes through the orifice 11 , the voltage gen- 
erated between the electrodes 12 and 13 changes in a 
pulse during the passage of the particle, and the maxi- 
mum value of the change or the peak value of the puise 
is in proportion to the size of the particle which passes 
though the orifice 11. The amplifier 16 amplifies the 
change and outputs ft as an electric resistance signal 
29 which is an analogue pulse signal. 

In the meantime, the flow of the sample liquid 26 
passing through the orifice 11 receives a laser beam 
which is generated by the laser light source 1 7 and then 
condensed into an oval by the condenser lens 18. The 
size of the oval is, in the direction of the flow of the sam- 
ple liquid, almost the same as the diameter of a particle 
to be determined, e.g. around 10)jm, and, in the right- 
angled direction to the flow of the sample liquid, suffi- 
ciently larger than the diameter of a particle to be deter- 
mined, e.g. from ICQ to 400^m. 

A laser beam which does not hit a particle and gets 
through the flow cell 5 is stopped by the beam stopper 
1 9. The fonvard scattered light and the fon/vard fluores- 
cence irradiated by a particle which receives the laser 
beam are collected by the collector lens 20, then pass 
through the pinhole 21 of the shield 30 and reach the 
dichroic mirror 22. 

The fluorescence of which the wavelength is longer 
than the scattered light directly goes through the dich- 
roic mirror 22, and, after residual scattered light is re- 
moved by the filter 23, is detected and output as a fluo- 
rescence signal 27, which is an analogue pulse signal, 
bythephotomultipliertube 24. Meanwhile, the scattered 
light, reflected by the dichroic mirror 22, is received and 
output as a scattered light signal 28, which is an ana- 
logue pulse signal, by the photodiode 25. 

Fig. 1 4 is a block diagram explaining the processing 
circuit for processing the fluorescence signal 27, the 
scattered light signal 28 and the electric resistance sig- 
nal 29 obtained as described above. Reference numer- 
als 31 to 33 denote amplifiers, 34 and 35 d. c. reproduc- 
tion circuits. 36, 37 and 39 comparators, 38 and 50 peak 
hold circuits, 52 a clock generator, 41, 42 and 44 
counters, 43, 45 and 51 A/D converters, 46 a control 
circuit, 47 a data processing unit, 48 a memory. 49 a 
display and 40 a sample hold circuit. 

A signal processing operation in such a construc- 
tion will be hereafter described. 

The scattered light pulse signal 28 is amplified by 
the amplifier 31 and the d. c. level thereof is fixed by the 



d. c. reproduction circuit 34. A pulse signal SI output by 
the d. c. reproduction circuit 34 is compared by the com- 
parators 36 and 37 with the respective threshold levels 
and the period of times during which the pulse signal SI 
is over the threshold levels, i.e. pulse widths, are 
clocked by the counters 41 and 42. By setting the thresh- 
old level of the comparator 36 to such a level as to detect 
a mucous string, i.e. level I in Fig. 3, and that of the com- 
parator 37 to such a level as to detect a cast, i.e. level 
II in Fig. 3, 

two kinds of pulse widths, namely the pulse widths I and 
II in Fig. 3, are obtained. The maximum value of the scat- 
tered light is caught by the peak hold circuit 38 and con- 
verted from analogue to digital by the A/D converter 43. 

The fluorescence pulse signal 27 is amplified by the 
amplifier 32 and the d. c. level thereof is fixed and output 
as a pulse signal S2 by the d. c. reproduction circuit 35. 
The pulse signal S2 is compared by the comparator 39 
with the threshold level thereof, i.e. level III in Fig. 6, and 
the period of time during which the pulse signal S2 is 
over the threshold level is clocked by the counter 44. 
thus the pulse width, i.e. the fluorescence pulse width 
In Fig. 6, being obtained. Meanwhile the maximum value 
of the fluorescence signal 27 is caught by the peak hold 
circuit 50 and converted to digital by the A/D converter 
51. 

The electric resistance pulse signal 29 is amplified 
by the amplifier 33, and the peak value (the maximum 
peak value) thereof is hold by the sample hold circuit 40 
and converted to digital by the A/D converter 45. 

Digitized output signals from each of the counters 
41 , 42 and 43, and each of the A/D converters 43, 45 
and 51 are sent to the data processing unit 47 for particle 
classification: Based on the scattergrams (the correla- 
tions) as shown in Figs. 2, 4, 5 and 7 and the frequency 
distributions shown in Figs. 9 and 11, epithelium cells, 
casts, mucous strings, glassy casts and casts with in- 
clusion bodies are classified. The classified particles are 
then counted and changed in terms of the number per 
microliter of the sample. The result is displayed on the 
display 49 as well as is stored in the memory 48 together 
with the scattergrams. 

In place of the f onward scattered light and forward 
fluorescence used in the above embodiment, side scat- 
tered light and side fluorescence can also be used. The 
similar result can be obtained when the pulse width of 
the electric resistance waveform is utilized for obtaining 
length data of particles. 

The present invention has realized an easy classi- 
fication of particles contained in urine such as casts, mu- 
cous strings, epithelium cells and the like by obtaining 
a correlation between length data and volume data 
about the particles, and also improved the precision of 
classification of particles by obtaining a correlation in the 
scattered light intensity and the fluorescence intensity 
from the particles. 

The invention being thus described, it will be obvi- 
ous that the same may be varied in many ways. Such 
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variations are not to be regarded as a departure from 
the spirit and scope of the invention, and all such mod- 
ifications as would be obvious to one sl<illed in the art 
are intended to be included within the scope of the fol- 
lowing claims. 



Claims 

1 . A particle analyzer comprising : 

a flow cell (5) including a first and second cells 
(7a,7b) for containing electrolyte, the first and 
second cells being connected to each other by 
a pore (11) to allow particles to flow from the 
first cell (7a) to the second cell (7b) through the 
pore (11) ; 

a first and second electrodes (12,13) provided 
in the electrolyte in the first and second cells 
(7a,7b) respectively ; 

first detecting means (16) for detecting an elec- 
tric resistance between the first and second 
electrodes which changes according as the 
particle passes through the pore (11 ) to gener- 
ate an electric resistance signal (29) represent- 
ative of the electric resistance ; 
a light source (17) for emitting a beam of light 
to the flowing particle ; 

second detecting means (25) for detecting 
scattered light from the particle receiving the 
beam of light to generate a scattered light sig- 
nal (28) representative of an intensity of the 
scattered light ; 

clock means (52) for clocking a period of time 
during which the scattered light signal is 

generated ; and 

analysis means (47) for classifying the particle 
based on a correlation between the electric 
resistance signal and the clocked period of 
time. 

2. A particle analyzer according to claim 1, further 
comprising ; 

comparison means (36,37) for comparing the 
scattered light signal (28) obtained by the sec- 
ond detecting means (25) with a first reference 
value as well as a second reference- value 
larger than the first reference value ; 
second ctock means (41 ,42) for clocking a first 
period of time during which the scattered light 
signal is larger than the first reference value 
and a second period of time during which the 
scattered light signal is larger than the second 
reference value ; and 

second analysis means for classifying the par- 
ticle based on a correlation between the first 
and second periods of time. 



3. A particle analyzer according to claim 1, further 
comprising : 

third detecting means (24) for detecting fluores- 
5 cence from the particle receiving the beam of 

light to generate a fluorescence signal (27) rep- 
resentative of an intensity of the fluorescence ; 
second comparison means (39) for comparing 
the fluorescence signal means with a third ref- 
10 erence value ; 

third clock means (44) for clocking a third period 
of time during which the fluorescence signal 
(27) is larger than the third reference value ; 
and 

IS third analysis means for classifying the particle 

based on a correlation between the clocked 
third period of time and the scattered light sig- 
nal (28) generated period of time. 

20 4. A particle analyzer according to claim 2, further 
comprising ; 

peak detecting means (38) for detecting a max- 
imum value of the scattered light signal (28) 
2S obtained by the second detecing means (25) ; 

and 

fourth analysis means for classifying the parti- 
cle based on the obtained maximum value. 

^ 5. A particle analyzer according to claim 3, further 
comprising : 

peak detecting means (50) for detecting a max- 
imum value of the fluorescence signal obtained 
35 by the third detecting means (24) ; 

fifth analysis means for classifying the particle 
based on the obtained maximum value. 
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FIG. 4 
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FIG. 10(a) 
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FIG. 13 
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